. Weight minus extracellular fluid as metabolic reference standard in newborn baby. In 51 babies of differing size and gestational age, rates of oxygen consumption and corrected bromide space (as a measure of extracellular fluid) were measured. The results are used to examine the concept that weight minus extracellular fluid (ECF) is an appropriate metabolic reference standard in the newborn baby. When the whole group, which included large-for-dates and smallfor-dates babies, is considered there is a systematic variation wherein the rate of oxygen consumption thus expressed varies with size. However, when appropriately grown babies only are considered, who varied in birthweight from 1210 g to 3820 g, rates of oxygen consumption thus expressed were constant. The implication is that when unusual rates of oxygen consumption per kilogram body weight are found, they should be interpreted bearing in mind the possibility of an unusual proportion of ECF in the baby. An incidental finding was that small-for-dates babies have a relatively large corrected bromide space.
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When minimal rates of oxygen consumption are compared between mammals of differing size, whether within a species or comparing one species with another, a general rule emerges; the resting metabolism expressed per unit weight is higher in small animals than in large (Kleiber, 1947) . In the human baby there is a 'neonatal violation' of this rule in that the small preterm baby has a lower resting metabolic rate than his larger term fellow. Clearly one explanation of this discrepancy is that weight alone is an inappropriate metabolic reference standard. Use of surface area or weight raised to a power of less than unity (such as 0 73) (Kleiber, 1947 ) merely aggravates the difference in the human newborn (Sinclair, Scopes, and Silverman, 1967) . These authors proposed an hypothesis that some account should be taken of the body composition of babies of different size and gestation, and that if absolute values of oxygen consumption were related not to weight but to weight minus extracellular fluid (ECF) (thus, as it were, allowing for the 'wateriness' of pre-term babies) one would find that resting metabolic rates would be the same for preterm small infants and term normal-sized infants. Using measured rates of oxygen consumption and estimated ECF values, Sinclair et al. (1967) found this to be true. However, the definitive study in which both metabolic rates and ECF were measured in the same infant was needed to confirm or refute this prediction. The main purpose of this study is to report measured resting metabolic rate and bromide space in newborn infants. A by-product of the study is data on ECF spaces in babies of varying weight and gestation including small-fordates infants.
Materials and Methods Babies. The 51 babies were asymptomatic infants aged 3 to 7 days in the lying-in wards or the neonatal ward of Hammersmith Hospital, of birthweight between 1210 g and 4420 g and gestational age between 28 weeks and 421 weeks. Gestational age was calculated from the first day of the mother's last menstrual period in all but 3 cases. In these 3 cases, all of whom were small-for-dates, the mother was uncertain of her dates and gestational age was assessed by physical and neurological characteristics (Robinson, 1966) .
In each case, the procedure was explained to the mother and her permission obtained. Care was taken to exclude infants of mothers who had been given iodides.
The babies have been described in 3 groups: (1) those above the 90th centile of weight for gestational age (large-for-dates, LFD), (2) those less than the 10th centile (small-for-dates, SFD), and (3) those between the 10th and 90th centiles (appropriate for dates, AFD). The centile tables used were those devised by the Birthday Trust Survey for English babies (Butler and Alberman, 1969 (Cheek, 1961 The individual values are shown in more detail in Fig. 1 as there is with increasing gestation (Fig. 2) . In each case there is a significant correlation between the variables, but the scatter about the line is large. Fig. 3 shows absolute values of ECF plotted against birthweight where there is a steady rise with increasing weight. Similar plotting of total ECF against gestation merely shows that small-fordates babies are small (and have a small total ECF) and the reverse is true for large-for-dates babies.
Rates of oxygen consumption. The total rates of oxygen consumption are given in Table I and shown graphically in Fig. 4 . Fig. 5 shows rates of oxygen consumption expressed as ml/kg per min against birthweight, and the line drawn is (Fig. 6 ) (r =--0 19, P = 0 -18). However, when all babies are included (Fig. 7) there is a small but significant negative correlation (r =-0-24, P = 0 0444).
It is noteworthy that the variation around the line is not materially reduced by using this reference standard rather than weight (compare with Fig. 5 ).
When rates of oxygen consumption are plotted (Fig. 8 ) against weight minus ECF and compared with Fig. 4 , it is perhaps noteworthy that the small for-dates babies are more evenly distributed about the line in Fig. 8 where the correlation coefficient is fractionally higher; but the scatter about the line is not significantly different, a finding that is not surprising since total weight and cell mass are closely correlated (r = 0-925, Fig. 9 ). Discussion The conclusions to be drawn from a study such as this depend on the validity of the assumption that corrected bromide space represents ECF. (Cheek, 1961; o°M acLaurin, 1966; Friis-Hansen, 1956 ) and especially Large for dates those of Cassady (1970) . Like (Fig. 1) and with increasing workers (Cheek, 1961; MacLaurin, gestation (Fig. 2) which is in keeping with the , Ibbott, and Rodgerson, 1968) but general concept that small preterm infants are more solute standard whereby it can be 'watery' than their term fellows. However, though iated. For instance, the thiocyanate the numbers are small it is noticeable that the points y but significantly larger in babies representing large-for-dates infants tends to fall s- Hansen, 1956 ) and the estimates above the mean line in Fig. 1 Fig. 1 and 2 leads to the suggestion that small-for-ECF pool which they derived from dates infants have an ECF appropriate to weight chloride space. It may be that the rather than to gestation (with the proviso, discussed f small-for-dates babies would be above, that the correction for bromide in red cells 0 94 and the correction factor of is appropriate). Cassady (1970) Sinclair et al. (1970) had predicted, that there is no longer a significant relation between metabolic rate thus expressed and body size. To this extent the hypothesis is supported. However, the hypothesis should not exclude small-for-dates or large-for-dates babies, and when all babies are considered together there is a significant negative correlation; furthermore, use of this reference standard does not materially reduce variation. Thus our data do not support the hypothesis that weight minus ECF is a good representation of the theoretical compartment of 'active cell mass'. It is clearly a better approximation than weight or surface area since it serves in appropriate-for-dates babies, but it is far from perfect. A corollary of the hypothesis was the prediction that small-for-dates babies should have a low ECF: neither our data nor that of Cassady (1970) substantiate that prediction, though it may be noted from inspection of the figures that the overall group labelled smallfor-dates is clearly heterogeneous. The compartment described by weight minus ECF shows a difference in quality in which small-for-dates babies have a high rate of oxygen consumption and large-for-dates a low rate. Thus it is in keeping with the general biological rule mentioned in the introduction but not acceptable as a description of 'active cell mass'.
None the less, the concept that metabolic rate is related in a simple proportional way to some fraction of body weight which might be defined in terms of body composition still seems more meaningful than using weight raised to an empirically determined power. Weight raised to the power of say, 1 -22, is physiologically meaningless, whereas if a reference standard defined in body composition terms is found to hold true it has important implications. For instance, if weight minus ECF were an accepted reference standard, and one were considering a baby whose rate of oxygen consumption per kilogram was low, one must consider whether the baby was truly hypometabolic or whether the low rate is spurious because of a high ECF. This, we suggest, is in fact the case with the appropriately grown preterm baby, and this sort of reference standard would be useful in interpreting rates of oxygen consumption in malnourished oedematous infants (though, of course, these particular data do not apply to the latter group).
The finding that weight minus ECF appears to be an appropriate reference standard for appropriatefor-dates babies is interesting because ofthe implications mentioned above, but these empirical findings do not constitute proof of a physiological truth. 
